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Abstract 
The corrosiveness of phosphoric acid during the wet-process concentration is quite complex and dependent on several influencing factors.  
The factor, which has the most significant impact, is the presence of impurities.  For example, at a given concentration, the presence of 
fluorine, calcium oxide, sodium and chlorine in the process will crease the corrosivity of phosphoric acid whereas iron, alumina and 
magnesium will have the opposite affect.  This paper discusses the general aspects of the corrosiveness of phosphoric acid produced via 
the wet-process method.  Additionally, information exploiting the benefits of stainless steel metallic heaters versus graphite will be 
detailed.  Finally, several case references are documented describing twenty years of successful application experience of Sandvik Steel's 
Sanicro 28 used as a material of construction for metallic heaters for phosphoric acid evaporation.. 
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1. Introduction 
This paper describes the general aspects in relation to the corrosiveness of wet-process phosphoric acid, and the 
applicability of stainless steel in critical applications. A detailed comparison between graphite and metallic tubes used in the
evaporator heat exchangers are given collectively with some practical references for the use of special stainless steels. 
The corrosion resistance of stainless steel is dependent on their ability to form a protective oxide layer. This oxide layer 
largely consists of chromium; hence a material having a higher chromium content has an enhanced ability to form this 
protective chromium oxide layer. There are, nonetheless, other factors affecting the corrosion resistance of stainless steels. 
If a stainless steel can form a strong enough protective layer to resist to the corrosive environment, then the material is likely
to last indefinitely. However, if service conditions change, becoming more aggressive, causing this oxide layer to lose its 
protective properties then the stainless steel will likely corrode. This concept is the general principle defining why stainless
steels resist to corrosion.  Nevertheless, the science of metallurgy is far more complex than this simple principle describes. 
Fortunately, the corrosion resistance of stainless steel in phosphoric acid can be tested and verified therefore you don’t need
to be a metallurgist to select a material that will resist corrosion in your phosphoric acid evaporation heaters. 
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2. Corrosiveness of phosphoric acid 
2.1. Influence of impurities 
Pure phosphoric acid is less corrosive than sulphuric and hydrochloric acid. Thus, standard stainless steels, such as AISI 
316L and 317L, are suitable materials of construction for equipment in contact with pure acid. However, wet-process 
phosphoric acid invariably contains impurities, which are derived from the phosphate rock used, and its corrosiveness is 
substantially affected by these substances [1]. Traces of sulphuric acid increase the acidity and thereby the corrosiveness 
with respect to stainless steel, making passivation more difficult. The effect is relatively weak, though, at the levels at which 
sulphuric acid is normally present (up to about 4%). 
Chlorine in phosphate rock is found in the acid as chloride ions, which are most corrosive towards stainless steel. 
Because of absorption on the metal surface, passivation of stainless steel is effectively inhibited by high amounts of 
chloride, resulting in noticeably high rates of corrosion. 
Fluorine is a primary constituent of all apatite. In the free form it increases the corrosiveness of the acid substantially. 
However, unlike chloride ions, fluoride ions form strong complexes with many metal ions, especially silicon and 
aluminium, whereby the content of free fluoride is decreased. Thus, to estimate the influence of fluorine on corrosion, it is 
necessary to take into account the quantities of the ions with which fluorine forms a complex. 
Soluble silica (SiO2) in the phosphate reduces the corrosiveness because silicon tetrafluoride or fluorosilicates are 
formed, so reducing the free fluoride content. Excessive silica and other solid impurities, on the other hand, may increase 
erosion of the process equipment and cause undesired deposits. 
Aluminium (as Al3+ ions) reduces corrosion by forming complexes with fluorine. Its effect is weaker than that of silica. 
Iron is mostly present as Fe3+, which contributes strongly to the oxidising potential of the acid. In sufficient amounts it 
therefore reduces the corrosion of stainless steel by facilitating the formation of a passive film. 
Calcium and sodium precipitate as calcium sulphate and sodium fluorosilicate; the latter means a somewhat reduced 
fluosilicic acid level, which would normally decrease the risk of corrosion. However, these elements also form deposits that 
impair heat transfer in heat exchangers, which may consequently increase the tube wall temperature and the corrosion rate 
of a metallic material. 
Magnesium is assumed to reduce the corrosiveness by forming soluble compounds with fluorine, or magnesium 
pyrophosphate. On the other hand, it increases the viscosity of the acid and this may reduce the film heat transfer 
coefficient.
Figure 1.  Change in acid composition during concentration 
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3. Changes in corrosiveness and acid composition during concentration 
It is obvious that the corrosiveness of wet-process phosphoric acid is quite complex and depends on several interacting 
factors, some of which are detrimental and some of which are beneficial. Moreover, the concentration of certain impurities, 
including fluorine, calcium oxide, sodium oxide and chlorine, decreases as the acid is concentrated, while the iron, alumina 
and magnesium concentrations, for instance, increase at the same rate as the P2O5 content. Additionally, the temperature 
varies between different parts of a plant and, consequently, the corrosion parameters may change over a wide range. This is 
illustrated in Figure 1, which shows how these parameters change when two acids (direct from the filter) containing 
different amounts of impurities are concentrated. The compositions of the acids are given in Table 1 [2].factors, some of 
which are detrimental and some of which are beneficial. Moreover, the concentration of certain impurities, including 
fluorine, calcium oxide, sodium oxide and chlorine, decreases as the acid is concentrated, while the iron, alumina and 
magnesium concentrations, for instance, increase at the same rate as the P2O5 content. Additionally, the temperature varies 
between different parts of a plant and, consequently, the corrosion parameters may change over a wide range. This is 
illustrated in Figure 1, which shows how these parameters change when two acids (direct from the filter) containing 
different amounts of impurities are concentrated. The compositions of the acids are given in Table 1 [2]. 
Table 1.  Chemical composition of acids before and after concentration (wt-%). 
Low Impurity 
Filter Acid 
Low Impurity 
Concentrated Acid 
High Impurity 
Filter Acid 
High Impurity 
Concentrated Acid 
     
P2O5 28 52 28 52 
F 2.4 0.6 2.4 1 
Cl- 0.15 0.01 0.15 0.01 
SiO2 0.6 0 1.2 0 
     
Fe2O3 0.3 0.5 1.1 1.85 
Al2O3 0.3 0.5 1.1 1.85 
     
Na2O 0 0 0.25 0 
F in SIF6 1.15  2.05  
F in HF 1.25  0.35  
It appears that acid B is less corrosive than acid A immediately after it is removed from the filter, since most of the 
fluorine is bound up as SiF62-. Furthermore, acid B shows a sharper decrease in fluorine content in the 28% to 45% range, 
due to higher evaporation of SiF4 and precipitation of Na2SiF6. At 52% P2O5, the relationship of the fluorine content in the 
two acids shifts and, subsequently, the corrosiveness is reversed.
4. Corrosiveness of phosphoric acid from different phosphates 
The composition of phosphates from different sources varies considerably.  This is illustrated in Table 2, which shows 
typical analyses of fifteen commercial phosphate rocks.  The range of compositions and median values are represented for 
the group, although compositions outside this range are also existent. 
Table 2.  Typical analysis of commercial phosphate rocks. 
Constituent Range Median 
P2O5 29-38 33 
CaO 46-54 51 
SiO2 0.2-8.7 2 
Al2O3 0.4-3.4 1.4 
MgO 0.1-0.8 0.2 
Na2O 0.1-0.8 0.5 
CO2 0.2-7.5 4.5 
F 2.2-4.0 3.7 
Cl 0.0-0.5 0.02 
SO3 0.0-2.9 1.0 
CaO:P2O5 weight ratio 1.35-1.70 1.5 
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Results obtained from corrosion tests in the laboratory make it possible to relate the corrosiveness of an acid to the 
composition of the phosphate. In Table 3, wet-process phosphoric acids obtained from various phosphates are divided into 
three groups, according to their corrosiveness. The phosphates within each group can thus be considered equivalent from a 
corrosion point of view. Phosphates from different groups are often mixed in order to keep the corrosiveness of the acid at a 
controlled level. 
Table 3.  Corrosiveness of phosphoric acid obtained from different phosphates. 
Phosphate Corrosiveness Group 
South Africa (Phalabwa) Low I 
Nauru   
Senegal (Taiba)   
Florida (Tampa, Pebble)   
Brazil (Araxa)   
North Carolina Medium II 
Kola   
Morocco (Khouribga, Youssoufia)   
Morocco (Bu Craa)   
Tunisia (Gafsa)   
Togo   
Syria* High III 
Jordan*   
Israel*   
Mexico*   
*High-chlorine phosphates. 
5. Corrosion test results of various alloys in phosphoric acid 
Standard stainless steels are used in phosphoric acid plants and those of the types AISI 316L and 317L have, over the 
years, been used extensively in piping systems, filters and pumps. For the most severe conditions, special high-alloy 
stainless steels and nickel-chromium-molybdenum alloys are required. The compositions of some alloys used for 
phosphoric acid duty are given in Table 4. 
Table 4.  Compositions of alloys used in phosphoric acid service (w-%). 
Alloy UNS Cmax Cr Ni Mo Cu Others 
AISI 316L S31603 0.030 17 12 2.5 –  
AISI 317L S31703 0.030 18 14 3.5 –  
2RK65* N08904 0.020 20 25 4.5 1.5  
Alloy 20Cb3 N08020 0.07 20 34 2.2 3.3 Nb 
Alloy 825 N08825 0.05 21.5 42 3 2.3 Ti 
Sanicro 28** N08028 0.020 27 31 3.5 1.0  
Alloy G  0.03 22 45 6.5 2 W,Co,Nb 
Alloy C  0.08 15.5 54 16 – W,Co 
Alloy 625 N06625 0.10 21.5 60 9 – Nb,Ta 
* Sandvik trademark for Alloy 904L (equivalent to UB6). 
** Sandvik trademark. Special steel developed for wet-process phosphoric acid service  (covered by UNS NO8028, ASTM 
B668 (seamless tubes) and ASME Code Case 1846. 
Through extensive laboratory experiments and practical experience, it has been established that a high chromium content 
in a stainless steel is essential for good corrosion resistance to wet-process phosphoric acid. Sandvik has therefore 
developed a high-chromium alloy, Sanicro 28, especially for use in this application. The effect of chromium is two-fold; it 
reduces markedly the corrosion rate in the passive state, which is important in practice in preventing corrosion. 
Molybdenum facilitates passivation as well, but does not have any marked effect in reducing the corrosion in the passive 
state. The same is true of copper. The effect of chromium is illustrated in Figure 2, which is a compilation of laboratory test
results using synthetically produced “Florida acid”. 
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Figure 2.  Corrosion rate of certain alloys with respect to chromium content.
Further comparisons between alloys are shown in Figure 3, where the combined effect of chloride and fluoride ions is 
illustrated. In Figure 4, the influence of temperature is indicated. An increase in temperature of 10°C results in, 
approximately, a doubling of the corrosion rate; again the importance of a high chromium content can be seen. 
Figure 3. Combined effect of chloride ion content and free fluoride ion content on the corrosion resistance at 100°C. 
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Figure 4. Influence of temperature on the corrosion rate of various alloys in contaminated phosphoric acid. 
Table 5.  Comparative test results for various alloys exposed for 1+3+3 days in phosphoric acid. 
Phosphate % P2O5 Temperature (°C) Alloy Corrosion rate 
mm/year 
Kourigba 54 110 Sanicro 28 0.14 
   Alloy 625 0.26 
   Alloy G-3 0.21 
Morocco + Togo 52 110 Sanicro 28 0.17 
   2RK65 0.65 
Tunisian 54.4 100 Sanicro 28 0.04 
Apatite 54 110 Sanicro 28 0.16 
Table 5 illusstrates the good corrosion resistance of Sanicro 28, compared to higher alloys, in phosphoric acid produced 
from rock of various locations. 
6. Evaporator sytems 
Different systems are used to concentrate the filtered acid to the desired strength. The most frequent system employed to 
concentrate phosphoric acid is forced-circulation evaporation (Figure 5). The material used in this system requires a high 
corrosion resistance, resistance to mechanical wears and high mechanical strength. Sanicro 28 has been used successfully in 
forced-circulation evaporation systems in numerous plants. 
7. Forced-circulation evaporators 
Filter acid is fed to the evaporator at a rate that is only a small fraction of the total circulating acid rate, which means that
it is diluted with regard to contaminants like chlorine and fluorine and its corrosiveness decreased. However, the high 
temperatures used in metallic heat exchangers – steam temperatures of 120-130°C are common – result in conditions that 
are much too severe for most stainless steel alloys.  Thus, from a corrosion point of view, the heat exchangers were 
historically constructed with tubes or even blocks of impervious graphite. However, the mechanical weakness and 
brittleness of graphite is a major drawback of these systems. With the development of improved high-alloy materials, 
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metallic construction of the heat exchangers has become more common and certainly the preferred solution during the last 
decade.   Sanicro 28 has proved to behave very well under these circumstances. 
8. Cleaning 
During evaporation, gypsum and other salts in the acid precipitate on the heat exchanger wall, rapidly reducing the heat 
transfer capacity of the unit and leading to increased pressure drop. This requires regular cleaning; depending on which 
phosphate is being used, cleaning several times a week may be necessary. Rapid and trouble-free cleaning is therefore 
essential for reliable service. Circulating water in the concentration loop is frequently used for cleaning. It is a cheap, easy
way of cleaning, which can be recommended provided the phosphate used produces an easily removable deposit. However, 
this is far from always the case. Often the scale builds up to the extend that tubes get completely blocked. In such case, 
mechanical or alternative means for cleaning are required. Because of the brittleness of graphite, the graphite tubes very 
easily break, when the scale is removed. High pressure washing with water may also fracture graphite. This risk is 
eliminated if metallic tubes are used. Reinforced graphite tubes are available, however at a price surcharge of 30-50 %. Easy 
cleaning of metallic tubes can be performed with warm, dilute sulphuric acid.  
In metallic heat exchangers it is important to control the metal temperature to avoid corrosion. Since graphite is not prone 
to corrosion, it might be that steam temperature is to high for the metallic heater. By reducing the steam temperature and the 
tube temperature, the rate of formation of deposits can be reduced. If the velocity of the acid can be increased the formation 
of deposits is also reduced. The consequence of a lower temperature is reduced risk for corrosion of the metallic tubes and 
hopefully a slower build up of deposits.  
Figure 5. Forced-circulation evaporator. 
9. Erosion 
The erosion of graphite may be a problem in phosphoric acid evaporators. At the inlet end, the erosive effect can be very 
strong and result in substantial wear of the graphite. The superior mechanical strength of metallic materials reduces the 
erosion to a minimum and, consequently, also allows higher acid velocities to be used. 
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      Table 6.  Comparison of heat transfer data for graphite and special stainless steel heat exchanger tubes in a 40% P2O5 evaporator 
 Graphite* Stainless Steel** 
Replacement 
Stainless Steel** 
New Unit 
Tube, inner diameter, mm 38.1 33.9 33.9 
Acid velocity, m/s 2.3 2.3 4.0 
Coefficient, acid 5,350 5,500 8,550 
Coefficient, fouling*** 1,250 1,250 2,000 
Coefficient, tube wall 20,000 5,500 5,500 
Coefficient, steam 6,650 5,600 5,600 
Overall coefficient 840 750 1,020 
Required area (relative) 1 1.13 0.82 
Capacity 1 1 1 
    * 2 inch x 1.5 inch. 
  ** Sanicro 28 tubing size 38.1mm x 2.11 mm (1.5 inch x 14 BWG). 
*** Estimated values. 
       Coefficients are given in kcal/m2hC 
10. Heat Transfer 
An important difference between graphite and high-alloy stainless steels is the thermal conductivity. This difference is a 
major consideration when comparing clean units; but during service the heat transfer rapidly decreases as scale builds up, 
and so does the advantage gained from having a tube material with a high thermal conductivity. What is more important is 
to reduce the scaling as much as possible by, for example, increasing acid velocity through the tubes.  In Table 7, a 
theoretical comparison is made between graphite tubes and special stainless steel tubes for a given evaporator unit. It is 
assumed that 40% P2O5 at 75°C is flowing in the tubes and that saturated steam at 125°C is used as the heating medium. The 
first alternative is shown to give an idea of the area required of graphite tubes were to be replaced with metallic tubes; the 
second alternative could be valid for a new unit. In this latter case, full advantage can be taken of the better mechanical 
strength of the metallic material. Thus, the velocity of the acid in the tubes can be increased, which is possible without any 
risk of breaking the tubes. This results in a higher acid coefficient and a much reduced fouling rate, which together provide 
a 20% increase in capacity over the graphite unit, at constant heat transfer area. Consequently, by designing a shell-and-tube 
heat exchanger properly, more efficient units can be obtained using metallic tubes than with graphite tubes. The frequency 
of necessary cleaning operations can be reduced as well, which has a positive effect on the production economics. 
11. Experience with Sanicro 28 heaters in phosphoric acid plants
11.1. Romania
Since 1980 twenty-four heaters have been fabricated, with Sanicro 28 tubing, and delivered to Romania thus making 
Romania single largest user of Sanicro 28 tubing for phosphoric acid evaporation.  In the early 1980’s four plants, each of 
which had six phosphoric acid production lines, were put into service. These plants originally started operation with 
graphite heat exchangers while testing two metallic units fabricated from Sanicro 28.  In 1984, after a few years of 
successful operation of the test units, all lines were converted to Sanicro 28. 
The economical development in Romania has been very slow, to say the least, especially after the separation from Soviet 
Union. The fact that all phosphate, oil and gas are imported combined with the weak currency makes for a desperate 
situation.  Although economic conditions are slowly improving, only one of the original plants, using the Sanicro 28 heaters, 
is still in operation.   As for the other three plants, they are struggling financially. 
Sofert in Bacau is the plant who is still operating two of the six metallic units. In January 2001, after nearly sixteen years 
operating, Sofert determined more than 85% of the tubes are still in good condition.  This can be perceived as a major 
achievement, considering this plant has been running under financial limitations. The Romanians themselves were 
responsible for the design and fabrication of the Sanicro 28 metallic heaters. Each line produces 250 ton/day. Cleaning is 
done every ten days. After the heat exchangers have been operating for one to one and one half years mechanical cleaning is 
required. The steam temperature for the graphite heaters was160qC at 4 bar but was reduced to 125qC at 1.1 -1.2 bar for the 
Sanicro 28 heaters. Currently they produce acid with 42-43 % concentration. The acid is produce using a mixture of rock 
from Marocco and Togo. In the past rock from Kola and Florida have been used. 
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11.2. Bulgaria 
In 1988 Agropolychim in Devnia installed one Sanicro 28 heater designed and fabricated by Edmeston as replacement 
for a graphite unit. Soon after the first unit was set in place, they installed two more units. A few years ago Agropolychim 
ordered one spare unit to use as a replacement. Currently there are three units operating in total. Since the commissioning of 
these four heaters in 1996 only one tube has been plugged as a result of mechanical damage. A recent inspection revealed 
the tube wall metal loss was less than 0.1 mm/year. 
Agropolychim uses rock from Morocco, Tunisia and Jordan. This rock typically contains 2% fluoride of but can peak as 
high as 2.2%. The chloride concentration usually runs between 500 and 600 PPM with occasional excursions reaching as 
high as 800 PPM. Hot water cleaning is performed every seventy-two hours while high pressure cleaning is scheduled 
annually. This plant produces 38-43% concentrated phosphoric acid at maximum temperature of 82qC. This acid is used for 
the of production of TSP. 
A corrosion test was performed in the plant. The exact corrosion conditions are not known however the ranking conforms 
to other test results obtained in phosphoric acid. It is interesting to note that Uranus B-6 and 254 SMO both have about 20% 
chromium, but the molybdenum content is 4.3% for B6, while 254 SMO has 6.1%. In spite of a 40% higher molybdenum 
content the corrosion resistance is only marginally improved. Alloy C with 16% molybdenum has even a higher corrosion 
rate, which confirms that the molybdenum content has little influence on the overall corrosion resistance of a stainless steel.
              Table 7.  Corrosion rates of various alloys. 
Material Time in operation 
(hrs) 
Corrosion rate (mm/year) 
Sanicro 28 1608 0.087 
Sanicro 28 3624 0.089 
Alloy 254 SMO 1608 0.22 
Alloy 254 SMO 3624 0.21 
Alloy B6 1608 0.25 
Alloy B6 3624 0.24 
Alloy C 1608 0.40 
Alloy C 3624 0.45 
11.3. Mexico
The two plants in Mexico producing phosphoric acid are both using Sanicro 28 in their heaters. One plant recently 
surpassed ten years of service life from their first Sanicro 28 heater.  The performance of Sanicro 28 has been satisfactory 
since several more units have been ordered. The rock mined in Mexico is very similar to the rock found in Florida in terms 
of corrosion. Both are low in chlorine and fluoride, which is very favourable since these two elements have a negative 
impact on corrosion. 
Conclusion 
Sanicro 28 tubing has proven to be a suitable material of construction for the replacement of graphite heat exchangers 
used in the phosphoric acid evaporation process. There are several distinct advantages for using Sanicro 28 tubing compared 
to graphite.  However, the two most influencing factors include cost and mechanical integrity.  First, the cost of Sanicro 28 
tubing is somewhat less expensive than standard graphite tubes while considerably less expensive than graphite reinforced 
tubing.  Second, the mechanical integrity of Sanicro 28 tubing is unmatched by graphite.  The good toughness 
characteristics of Sanicro 28 results in higher production up time since it’s not necessary to plug failed or broken tubes due 
to operational or cleaning damage.  Furthermore, it’s possible to mechanically clean, if necessary, without risk of damage to 
the heat exchanger although standard cleaning methods, including pressure washing, as the norm.   
Over the past few decades, more than fifty Sanicro 28 heaters have been installed world-wide.  Several case studies 
established that a Sanicro 28 heater could achieve a service life in excess of ten years. These studies have been documented 
at several different plants world-wide of which various rock qualities have been used.  There have been a limited number of 
cases where Sanicro 28 tubing experienced minor wall thinning due to corrosion caused from prolonged runs.  However, 
proper design and operation of the heat exchanger has proven to diminish this concern. 
12. Reference Deliveries 
Extensive experience has been gained with Sanicro 28 in phosphoric acid service during the last few years. More details 
about the service conditions and experience with Sanicro 28 in certain installations are detailed below [4]. 
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13. Concentration of phosphoric acid: Prayon heating elements 
Tube size: 60.3 x 2.77 mm (2 in Sch 10) 
Service conditions: 
Phosphate rock: Equal mixture of Kola and Togo. 
Product acid composition (wt-%): 50-54% P2O5, 0.6-0.8% F–, 100-200 ppm Cl–, 1 % Al2O3, 0,1% SiO2, 1% Fe2O3, 1.6% 
SO3.
Tube side: Steam at 120°C (250°F). 
Shell side: Acid at 80°C (185°F). 
Previous experience: Alloy 904 failed between six months and one year. 
Sanicro 28: In service for 6 years. 
14. Concentration of phosphoric acid: Shell-and-tube heat exchanger 
Tube size: 25.4 x 2.77 mm (1 in x 12 BWG) 
Service conditions: 
Phosphate rock: Florida 90% of the time, and Moroccan. 
Product acid composition (wt-%): 50% P2O5, 0.75-1.0% F–, 50 ppm Cl–. 
Tube side: Acid outlet 85°C (185°F). 
Flow rate: 2.2 m/s (7.2 ft/s). 
Shell side: Steam at 125°C (225°F) 
Previous experience: Graphite heat exchanger. 
Sanicro 28: After 2 years service, the tubes were examined and found to be in very good condition. 
Table 8.  Practical experience of Sanicro 28 in phosphoric acid concentration units. 
Country Application Phosphate Installed/delivered 
Belgum Prayon concentration system Kola/Togo 1975 
Sweden Prayon concentration system Kola/Togo 1976 
South Africa Prayon concentration system Phalaborwa 1978 
Spain Prayon concentration system Morocco (Khouribga) 1978 
Soviet Union Prayon concentration system Kola 1979 
France Prayon concentration system Florida 1980 
England Shell and tube heat exchanger Florida/England Two year test 
Canada Shell and tube heat exchanger Florida 1980 
Romania Shell and tube heat exchanger Unknown 1980 
Yugoslavia Shell and tube heat exchanger Morocco/Togo/ 
Senegal/Tunis 
1980 
France Graphite tubes in block exchanger Morocco/Togo Two year test 
Table 9.  Practical experience of Sanicro 28 in phosphoric acid equipment. 
Country Application Phosphate Installed/delivered 
Australia Agigator paddles in reactor  1980 
Australia Vacuum cooler and pipe connections  1981 
Australia Pump impellers in cast form  1980 
Sweden Impeller in hemi-hydrate tank  1981 
South Africa Pumps and cast products  1980 
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Table 10.  Practical experience of Sanicro 28 in Superphosphoric acid concentration units. 
Country Application Phosphate Installed/delivered 
United States Shell and tube heat exchanger  1979 
United States Shell and tube heat exchanger  1980 
United States Shell and tube heat exchanger  1980 
United States Primary acid coolers  1980 
15. Agigator paddles in reactor 
Service conditions: 
28-32% H3PO4, 2.6-3.5% H2SO4, traces of HF and H2SiF6 (max 0.5% F–, approximately 800 PPM Cl–. 
Temperature: 70-80°C (115-176°F). 
Previous experience: Alloy 825 failed due to erosion after three years when rocks from Florida, Senegal and Queensland 
were used. The F– and Cl– contents were then higher than stated above. 
Sanicro 28: In service for 1 1/2 years. On last recent inspection, no discernible corrosion was noticed. 
16. Pump impellers in cast form 
Service conditions: Similar to above. 
Previous experience: Alloy 825 failed after 2 years due to erosion. Alloy C after 1 1/2 years due to intergranular corrosion. 
Sanicro 28: In service for 1 1/2 years with mould markings still visible. 
17. Concentration of superphosphoric acid: Shell-and-tube heat exchanger 
Tube size: 31.75 x 2.41 x 6250 mm. 
Service conditions: 
Tube side: 70% P2O5 super phosphoric acid at 190°C (375°F). 
Shell side: Steam. 
Sanicro 28: 15 test tubes installed in July 1979. No corrosion found at inspection 1 year later. Tubes for full heat exchanger 
delivered in 1981. 
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